Abstract. The field experiment was conducted at Spices Research Centre, Shibganj, Bogra, Bangladesh during Rabi season of 2014-15 to develop an integrated management approach against thrips-mite complex of chilli. The treatments were five including control. Spraying of Chlorphenapyr (Intrepid 10SC) @ 1ml/litre of water + White sticky trap @ 40 traps/ha resulted the lowest thrips (0.86 thrips/leaf) and mite (0.97 mite/leaf) population with highest marginal benefit cost ratio (33.02). The highest percentage of thrips (87.02%) and mite (87.32%) population reduction over control with maximum red ripe chilli yield (12.72 t/ha) was also obtained from Chlorphenapyr + White sticky trap. Thrips and mite populations are negatively correlated with Chlorophyll Concentration Index of leaf. However, the lowest percentage of upward (19.05%) and dounward leaf curl (21.08%) was also obtained from Chlorphenapyr + White sticky trap treated plot followed by White sticky trap + Abamectin + Success (22.75% and 25.15%, respectively) while the highest percentage of upward (71.25%) and dounward leaf curl (82.38%) was obtained from untreated control. So, installation of sticky white trap along with spraying of Chlorphenapyr may be recommended for effective management of thrips-mite complex in chilli.
INTRODUCTION
Chilli (Capsicum frutescens L.) is an important income generating crop. It is well known mainly as a spices crop. Its demand is very high both in green and mature stages. In Bangladesh, both summer and winter chilli about two laces thirty one thousand and seventy seven (2, 31, 077 acres) acres land is cultivated and dry chilli produces about one lac two thousand two hundred fifty one (1, 02,251 tons) tons (BBS, 2014) . Surveys conducted by AVRDC in Asia revealed that Chilli (Capsicum annum L. and Capsicum frutescens L.) the universal spice, belonging to the family solanaceae and is known to be infested by several insect and non-insect pests of which the tarsonemid mite, Polyphagotarsonemus latus Banks (Acari: Tarsonemidae) and yellow thrips, Scirtothrips dorsdalis Hood are the most destructive and are considered as major pests (Berke and Sheih, 2000) .
They have got some bio-ecological advantages than the other pests, due to having, very small size, high biotic potential, lack of effective natural enemies, capacity to adopt newer environment quickly and quick resistance development against toxicants (Venkatesalu et al., 2009 ). They cause a havoc economic loss each year and have become a threat to the chilli growers (Sarkar et al., 2008) . Chilli thrips and mites affected leaves curl "upward" and "down ward" respectively, resulting in a typical damage known as "leaf curl syndrome". Economic yield loss may be 11-75% quantitatively and 60-80% qualitatively in the event of serious infestation (Ghosh et al., 2009) . To get rid of their infestation, farmers used to apply minimum of 5 to 6 times of pesticide sprays, and the number of sprays are increasing over the years, and hence, cost of cultivation has increased enormously making cultivation of chilli highly risky and non-profitable. This results in abatement in biodiversity of natural enemies' vis-a-vis outbreak of secondary pests. In recent past, development of resistance to pesticides, pesticide induced resurgence and contamination of food and eco-system are problems incurred due to pesticide management. Pesticide residues in chilli are also of great concern from the point of domestic consumption and exports as well. Traditional insecticides can check the populations build up of thrips but not the mite. Resulting in to spraying of a specific acaricide on the next day, which culminates another monetary involvement in terms of labour and spray chemicals. Chemical insecticide results in destruction of beneficial organisms, flora and fauna (Korsak and Sato, 1977) . Cost effective crop production requires combination of optimum use of chemicals and nonchemical techniques of pest management. Intregrated pest management in recent years has gained importance to overcome these problems. Chlorfenapyr @ 2ml per litre of water, were found effective in reducing the tetranychid mites, Tetranychus urticae on rose and recorded good quality flowers (19.16, lakhs ha -1 , respectively) (Dhananjay Kumar, 2007) . Chlorfenapyr as effective chemical against strawberry spider mite at Turkey and were safe against predatory arachnids (Ibrahim and Baspinar, 2005) . In Pakistan, 'Pirate'(chlorfenapyr) as the best acaricide with a good persistency even up to 168 h of application of insecticides (Malik et al., 2012) . Spinosad 45 SC @ 125 ml/ha was effective against thrips (Prasad and Khalid, 2009 ). Installation of sticky white trap @ 40 traps/ha reduces 28.56% thrips population in onion (Hossain et al., 2014) . This type of experiment has not so far been conducted in Bangladesh. So this type of research work is needed. With these view in mind, the present study was designed to develop an integrated management approach against thrips-mite complex of chilli.
MATERIALS AND METHODS
The study was conducted at Spices Research Centre, Shibganj, Bogra, Bangladesh (geographic coordinates 25.0167° N, 89.3167° E) during Rabi season of 2014-15. The experimental plot was prepared with five ploughings and cross ploughings followed by laddering to break the clods as well as level the soil. The weeds and stubbles of previous crops were collected and removed from the soil. The unit plot size was 2.5 m × 1.5 m and spacing was 50 cm × 50 cm. The treatments were T 1 = White sticky trap @ 40 trap/ha; T 2 = Spraying of Chlorphenapyr (Intrepid 10SC) @ 1ml/l; T 3 = White sticky trap + Chlorphenapyr (Intrepid 10SC) @ 1ml/l; T 4 = White sticky trap + Abamectin (Vertimec 1.8EC) @ 1.2 ml/l + Spinosad (Success 2.5SC) @ 1.2 ml/l; T 5 = White sticky trap + Bioneem plus (Azadirachtin 1EC) @ 1ml/l + Abamectin (Vertimec 1.8EC) @ 1.2 ml/l and T 6 = Untreated control. Treatments were assigned in a randomized complete block design with three replications. BARI Morich-3 was used as test crop for this trial. The seedlings were transplanted on 02 November 2014. In addition to 5 t/ha of cow dung, the crop was fertilized with N 120 P 60 K 100 S 20 B 2 kg/ha. The entire amount of cow dung, P, S, B and 1/3 of K was applied during final land preparation. The N and rest K was applied in 3 equal splits at 25, 50 and 70 days after transplanting (DAT) (Anonymous, 2010) . Three weeding were done at 25, 50 and 75 days after transplanting and three irrigations were done at 10-20 days interval during vegetative growth stage. To control Anthracnose of chilli, the crop was sprayed with Tilt 250EC @ 0.5ml/L of water at 65 DAT. Depending on the maturity, the red ripe chilli was harvesting started from March, 2015 and completed on 10 May, 2015. Population of thrips or mites was recorded with little modification of method described by Patel et al. (2009) from the under surface: for yellow mite and upper surface: for thrips at weekly interval from 3 terminal leaves of 5 randomly selected plants in each plot. Such observations were initiated with the appearance of thrips and continued up to last picking of the crop. The data thus obtained were converted as average number of thrips and mite per leaf. The samples were placed individually in zip-lock bag (6"×4") and taken to the laboratory for further counting under stereozoom binocular microscope (Olympus SZ-41, Japan). Thrips or mite number from such five plants were recorded (randomly selected) at 24 hrs before (pre-treatment count), and 3 rd , 10 th and 15 th after treatment application (post-treatment) and 10 th and 15 th day for evaluation of percentage leaf curl with little modification of Niles (1980) . The Minolta SPAD 502 chlorophyll meter was used for the measurement of chilli leaf color. Yield of red ripe chillies from different plucking were revealed from each treated plots and computed as t ha -1 . Another data were recorded on plant height at 112 DAT, Chlorophyll Concentration Index (CCI) at 112 DAT, fruit length, fruit diameter, single fruit weight and yield at harvest. The recorded data were analyzed and mean values were adjusted and separated by Duncan's Multiple RangeTest (DMRT) according to Gomez and Gomez (1984) . The percentage reduction in mite and thrips population was assessed by adopting the formula given by Henderson and Tilton (1955) . % reduction = {1 -(Ta X Cb) / (Tb X Ca)} × 100 Where, Ta = Thrips/ mite population in treated plant after treatment; Tb = Thrips/ mite population in treated plant before treatment; Ca = Thrips/ mite population in control plant after treatment; Cb = Thrips/ mite population in control plant before treatment
The percent increase in yield over control in various treatments was calculated by using the following formula.
Yield of treatment -Yield of control Percent increase of yield in treatment over
Yield of control
RESULTS AND DISCUSSIONS

Efficacy of different treatments against thrips of chilli
Efficacy of different treatments against thrips of chilli is presented in Table 1 . The average number of chilli thrips/ leaf before application of treatment varied between 4.80-5.60. It was evident that on the third day after treatment application (DATA), mean thrips population was lowest (0.55 thrips/leaf) in T 3 (White sticky trap + Chlorphenapyr) with population reduction of 90.11% and it was followed by T 4 (White sticky trap + Vertimec + Success) with population reduction of 85.62% and, T 5 (White sticky trap + Bioneem plus +Vertimec) with population reduction of 78.35%. The control treatment exhibited significantly highest thrips per leaf (6.49 thrips/leaf). After 10 th and 15 th day of treatment application similar trend of results were also observed and thrips population was higher as compared to third day of treatment application. Malik et al. (2012) recorded 'Pirate'(chlorfenapyr) as the best acaricide with a good persistency even up to 168 h of application of insecticides. Hossain et al. (2014) reported that installation of sticky white trap @ 40 traps/ha reduce 28.56% thrips population in onion. Prasad and Ahmed (2009) reported that Spinosad 45SC @ 125 ml/ha was effective against thrips. Lin et al. (2003) reported that the continuous use of abamectin in tomato crops, either alone or in combination with other acaricides, was able to select for resistant populations of T. cinnabarinus. Regarding neem, due to the diverse modes of action of azadirachtin and the presence of other compounds, the possible potential development of pest resistance might be minimized (Jacobson, 1989; Ascher, 1993) . These findings are in conformity of the present study. 
Efficacy of different treatments against mite of chilli
Efficacy of different treatments against mite of chilli is presented in Table 2 . The average number of chilli mite/leaf before application of treatment varied between 5.67-6.34. It was evident that on the third days after treatment application, mean mite population was lowest (0.64 mite/leaf) in T 3 (White sticky trap + Chlorphenapyr) with population reduction of 91.46% and it was followed by T 4 (White sticky trap + Vertimec + Success) with population reduction of 88.51% and T 5 (White sticky trap + Bioneem plus +Vertimec) with population reduction of 77.17%. The control treatment exhibited significantly highest mite per leaf (7.08 mite/leaf). After 10 th and 15 th days of treatment application similar trend of results were also observed and mite population was higher as compared to third days of treatment application. The findings are in conformity with those of Dhananjay Kumar (2007) ), who reported Chlorfenapyr @ 2ml per litre of water, were found effective in reducing the tetranychid mites, Tetranychus urticae on rose and recorded good quality flowers (19.16, lakhs ha -1 , respectively). Ibrahim and Baspinar (2005) found that Chlorfenapyr as effective chemical against strawberry spider mite at Turkey and were safe against predatory arachnids. 
Efficacy of different treatments on the incidence of chilli leaf curl due to thrips
Efficacies of different treatments on the incidence of chilli leaf curl due to thrips are presented in Table 3 . 83 -Data represent mean of two observations, DATA= Days after treatment application, Mean followed by the same letter (s) in the same column did not differ significantly from each other at 1% level by DMRT.
Efficacy of different treatments on the incidence of chilli leaf curl due to mite
Efficacies of different treatments on the incidence of chilli leaf curl due to yellow mite are presented in Table 4 . Mean percent of downward leaf curl due to yellow mite infestation before treatment application varied between 56.5-62.10%. After three round of spraying percent downward curl leaves significantly declined in different treated plots. The plots treated with White sticky trap + Chlorfenapyr and White sticky trap + Vertimec + Succes exhibited minimum percent of curled leaves (21.08% and 25.15%). In the untreated plots the percent of leaf curl was maximum (82.38%). The highest percent reduction in leaf curl over control was also recorded on White sticky trap + Chlorfenapyr (74.58%) treated plot followed by White sticky trap + Vertimec + Success (68.61%) and White sticky trap + Bioneem plus + Vertimec (52.07%) treated plot. 
Efficacy of different treatments on the yield and yield contributing characters of chilli
All of the treatments gave significant effect on plant height, SPAD value (CCI), fruit length, fruit diameter, single fruit weight and yield of chilli over the untreated control plot ( 
Relationship between thrips-mite population and SPAD value (CCI) in chilli
Relationship between thrips population and SPAD value (CCI) in chilli are presented in Fig. 1 . There was negative correlation between SPAD value and thrips population in chilli. The regression equation was y = -3.724x +64.35 and correlation coefficient was r = -0.9439**. The figure indicated that Chlorophyll concentration Index was increased with the decrease of thrips population. Charles (2012) reported the higher the SPAD reading, the bluer the leaf and the higher the chlorophyll content and lower the thrips population in onion.
Relationship between mite population and SPAD value (CCI) in chilli are presented in Fig. 2 . There was negative correlation between SPAD value and mite population in chilli. The regression equation was y = -3.970x +65.68 and correlation coefficient was r = -0.9742**. The figure indicated that Chlorophyll concentration Index was increased with the decrease of mite population in chilli. 
Economic analysis of different treatments against thrips-mite complex in chilli
Economic analysis of different management options against thrips-mite complex in chilli is presented in Table 6 . It was noted that expenses incurred referred to those only on pest control. It was revealed that the highest marginal benefit-cost ratio (33.02) was obtained from the plots treated with White sticky trap + Chlorfenapyr followed by only Chlorfenapyr (28.19) and White sticky trap + Vertimec + Success (8.61). In contrast, the lowest MBCR (3.80) was obtained from only White sticky trap treated plot. So, considering marginal benefit-cost ratio installation of sticky white trap along with spraying of Chlorfenapyr (Intrepid 10 SC) may be recommended for effective management of thrips-mite complex in chilli field. 
